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Summary 
Based on the data from 9 species of deciduous fruit trees including 30 cultivars and artificially-made 
model equipments of fruit tree canopy， several parameters concerning light extinction coefficient 'were esti 
mated to simulate the irradiation distribution in the fruit tree canopies. The parameters were used to esti. 
mate the extinction coefficients of parallel incident radiation in leaf system and stem system， and also in 
downward transmission and reflection. The results obtained were as follows : 
1. The leaf inclination angle (α) were measured at monthly.interval in the period of May to October. 
These data were used to estimate two parameters ( A ，ν) of Beta distribution function which characterizes 
the probability density function of leaf mass distribution with respect to the leaf inclination angle 1i!(α) . 
The A and νare the parameters for calculating the extinction coefficient of paralell incident radiation 
(Kdl"，) in the leaf system. Curvatures， i.e. cupping and/or rolling of the leaves developed in summer in 
some species of fruit trees， i. e. apple， Japanese persimmon， chestnut， Japanese pear and peach. The leaf 
curvatures resulted in transformation of 1i! (α)一αcurvesand hence changed the values of the extinction 
coefficients of direct radiation in leaf system (Kdlh') ， and also significantly changed the distribution of 
radiational fluxes at leaf surface. The leaf angle even with occurrence of curvatures showed few seasonal 
changed in 1i! (α)ー αcurves，Kdl" -solar altitude (h，) curves and also in the distribution of radiational 
fluxes except for the period just after leafing in many species. 
2. The extinctωn coefic悶 lts (Kds"，) in the stem system for the direct sunlight with solar altitude 
(h，) were estimated by using multiple regression formula and two parameters， i.e. a (total area of longitu. 
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dinal section of sten山otalleaf area) and R; (area of longitudinal sect削 1of stem with each class of inclina-
t則 1a昭le/totalarea of longitudinal section of stem) . The data for the multiple regression formula was 
obtained from an artificialy-made cylinder-model equipment. The two parameters， however， were obtained 
from many deciduous fruit trees. The Kdsh' -h， curves were almost s幻imilarin many species offruit trees 
except for the trellis t甘r悶a剖1m川II日19grapes. The light intensity which was estimat民edby using the s)'よ江Ilthesizedex-
tl山I
was estimated by using the extinction coeffic悶 ltin the leaf system (Kdlh') at low solar altitude and/or at 
high leaf area index. 
3. The extinction coefficients for the downward-reflected and -transmitted radiation (second scatter-
l時 radiation)in leafcanopies were measured by using an artific凶 ly-mademodel equip耐日t.In a dark 
room， the leaves were arranged as similar as in the tree canopy with respect to leaf distribution and in-
clination angle as possible. The model tree canopy was exposed to parallel artificial beams irradiated from 
different altitudes (h，) . The photosynthetically efficient downward-radiation (1) and reference radiat問 1
with no leaf (1，) were measured at different depths， i. e. d出erentleaf area indices along the parallel beam 
paths. The downward-reflected and -transmitted component of radiation (S..) is obtained by subtracting the 
direct rad 凶 ion component (Dh') from ratio， I1I，. The ex対山t1恥 tio叩ncoeficients of the second sca抗副te町印nn
rad出ia抗tJω0叩n(Ks加L斗)were e閃剖s坑tl叩ma悶t旬edfrom Lamber剖此t-Beer'slaw using Sh' and L. The values of KSh'.L varied with 
leaf characteristics inherent in the cultivars， but generally increased with raising h， and decreased with in-
crease of L like an exponentially decreasing curves. This indicates that in the fruit trees with weakly hori-
zontally distributed leaves the more inclination angle of parallel beam may increase the downward-reflected 
radiation， and that the radiation around the leaves at lower layer may be less absorbed by them. The multi-
ple regression analyses of Ks..L with varied h， and L showed that a well-fitted estimation formula was 
obtained in almost al the fruit species and cultivars. Furthermore， partial regression coefficients were used 





















































































































































































































































1/ん=exp{ー (Kdlho+α・Kdsho)L} (9) 
ただし，111.。は日向部の割合，Kd針。は校(茎)のみによる
直射減衰係数，aは業面積に対する校量の割合である.








































Fig. 1. A diagrarn showing the equiprnent of 
rneasuring extinction coefficient of cylin-
ders which arranged towards 16 directions 






























































































Fig. 3. Representative outputs on the chart of the 
recorder from the light senser. An output 
from blank test (in a case of no leaf) at h， 
= 90
0 
and under the first wire-netting 
(upper)， and that in a case of the installa 
tion of the leaves at same h， and under the 
same町 tting(L was about 0.5， lower) . !， 
and ! were given by the integrations of the 

























Fig. 2. Diagrams showi時 theeql卯 ment(Ieft) ， The 
course of the light senser on the guiderail 
(upper r出lt).and the diagrams showing 
the installation of the light senser on the 
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Table 1. Comparisons of mean inclination angles (αin degre) and the 
parameters ( ).，ν) of Beta distribution function between the 
measunngαwith regard to the leaf curvatures (cupping 
and rolling) and that without regard to the curvature in 
August 
Measuringα Measuring a 
Fruit species without regard to with regard to 
Cultivars leaf curvatures leaf curvatures 
A A α ν α ν 
Apple 
‘G. D.'z(M26) 29.4 1.52 3.13 36.6 1.98 2.89 
‘Mutsu'(M26) 31.8 1.62 2.96 37.3 2.00 2.82 
'Tsugaru'(M26) 30.2 1.45 2.86 39.1 1.94 2.53 
Japanese persimmon 
‘Hiratanenashi' 33.8 2.15 3.58 41.0 2.29 2.74 
Chestnut 
‘Tanzawa' 35.0 2.72 4.27 37.8 3.14 4.34 
Peach 
‘Okubo' 51.5 3.25 2.43 53.9 4.37 2.93 
Japanese pear 
‘Shinsui' 55 . 5 3 .44 2. 14 56 . 6 3 . 85 2 . 27
‘Shinseiki' 43.7 2.50 2.65 46.7 2.78 2.59 
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Fig. 5. Differences in ijf (α)ー αcurvesand Kdl.， 
-h， curves between 2 measuringsαof a 
Japanese persimmon in August. A 
Measuringαwith regard to the curvature 
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Relative radiation flux at 
leaf surface to horizontal 
pl ane (%) 
Fig. 6. Effect of 2 measuringsαon distri bution of 
radiation flux at leaf surface of a Japanese 
persimmon in August. A ana B refer to Fig. 









Table 2. Seasonal changes in mean inclination angles (αin degree) and the parameters ( A ，ν) of Beta distribution functions of 
the deciduous fruit trees. 
















































































































































































































































































































































55.5 5.27 3.28 39.4 3.25 
57.5 3.92 2.22 34.9 3.21 
44.9 3.40 3.42 34.2 2.85 










'S. D.'' (M26) 
‘S. D.'(MM106) 



































































































































































































































































































































































































a ，Leaf inclination 
angle (degree) 
Fig. 7. Representative if (α)一αcurves(r凶lt)and Kdlh，-h， curves (teft) of several deciduous fruit 
trees. Apple: 'Mutsu' (MM 106) ， Japanese persimmon: 'Hiratanenashi'， Chestnut: 'Tsukuba'， 





























































o 30 60 90 0 30 60 90 
h. ，Sun altitude(degree) a ，Leaf inclination 
angl e (degree) 
Fig. 8. Effects of seasonal changes in λand νon W (α)ー αcurves(right) and Kdl.， -h， (Jeft) of cv 
'Fuji' on M. trunifol切 apple.
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o 30 60 
So 1 aralt i tude， h. (degree) 
Fig. 10. Relations between extinctionn coeffients of 
the cylinders at several inclination angles 
( r) and solar altitudes (h，). 
Table 3. The result of multiple regression analysis of 
extinction coefficients for direct sunlight of 
cylinders (Kdcho) with variables. solar a1titude 
(ho) and inclination angle (r ) ofcylinders. 
20r May AV =63.6% 
l~r J?一~
2Or June AV=58.9% 
l~t~十一一←1








Relative radiation flux(%) 
Fig. 9. Effects seasonal chages in ). and νon dis-
of cv. 'Fuji' on M. tnmifolia apple. A V indi 








Kdcho.J' =0.1467 r -7 .806sin r +5.507 
cos r + O.325tan ho + 0 . 354sin r cot ho 








Coefficient of multiple correlation (R) 
Coefficient determination (R2 X 100 %) 
Variance ratio (F) 
n 
Residual 























(Fig.lO) .このKdc，加 r-h。曲線には，すべての Yでん
がおおよそ250-350の聞に変曲点が見られ，太陽高度
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Table 4. Parameter a (total area of longitudinal section of stems/total leaf 
area) and Ri (ratio of area of longitudinal section of stems of each 
class of inclination angle Y to the total area) of several deciduous 
fruit trees. 
Fruit species a Ri(i=1-6)YX10
3 
Cultivars(Rootstock) Rl R2 R3 R4 Rs R6 
Apple 
‘G. D.'z (M26) 0.0261 175 355 298 58 71 43 
‘Fuji' (M26) 0.0198 127 260 201 195 97 120 
下uji'(MM106) 0.0267 231 314 168 198 48 41 
‘Fuji' (Maruba/ 0.0293 260 279 211 137 90 23 
‘Mutsu' (MMI06) 0.0338 323 373 131 107 49 17 
‘Ralls' (Maruba) 0.0345 139 195 331 127 41 167 
‘Jonathan' (Maruba) 0.0563 281 241 166 158 70 84 
'Red Spur' (Maruba) 0.0254 91 331 353 148 71 6 
Japanese persimmon 
'Hiratanenashi' 0.0262 316 257 150 114 81 82 
Chestnut 
‘Tanzawa' 0.0184 225 255 163 141 181 35 
‘lbukピ 0.0195 57 236 174 202 178 153 
‘Tsukuba' 0.0190 71 217 199 190 186 137 
Walnut 
‘Banshun' 0.0430 363 211 189 153 70 14 
‘Shinrei' 0.0337 332 193 262 125 75 13 
'Yorei' 0.0379 244 319 197 88 133 11 
Peach 
‘Okubo' 0.0341 203 238 239 149 100 71 
‘Koyohakuto' 0.0308 183 227 253 264 37 36 
'Hakuho' 0.0420 261 232 239 207 41 19 
Cherry 
‘Van' 0.0264 172 227 145 138 188 130 
‘Satanishiki' 0.0392 62 198 343 241 143 13 
‘Napoleon' 0.0365 164 247 97 277 48 167 
J apanese pear 
'Shinsui' 0.0416 70 271 92 156 191 220 
‘Chojuro' 0.0430 207 182 254 141 198 18 
‘Shinseiki' 0.0452 413 355 117 86 100 84 
Pear 
‘Bartlett' 0.0922 105 197 99 145 245 209 
‘La France' 0.0322 329 136 134 142 159 100 
‘Grand Champion' 0.0508 342 122 37 99 363 37 
Grape 
‘Delaware' 0.0418 761 103 76 42 14 4 
'Muscat Baily A' 0.0478 731 189 37 29 8 5 
‘Neo Muscat' 0.0164 731 114 94 26 13 22 
Z‘Golden Delicious' 
y Ranges of inclination angle ( Y ) ofstems were 00 -15，150 - 300，300 - 450，450-
600，600-750 and 750-900 for Rl，R2，R3，R4，Rs and R6，respectively 
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一一一 Cherry‘Van' 
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o 30 60 90 
Solar altitude， ~ (degree) 
Fig. 12. Representative Kds/w - h， curves of several 


































o 30 60 90 
Stem inclination angle 
(degree) 
Fig. 11. Representative relative frequencies (Ri) of 
area of longitudinal section of stems with 
respect ωinclination angles (6 class四)of 




































































Fig. 14. Changes in 3 extinction coefficients and 
ratios of sunlit area of CY.‘Neo Muscat' 
























Fig. 13. Changes in 3 extinction coefficients (Kdん，
Kdsh，. Kdh' = Kdlh' + a • Kdsho) for direct 
sunlight to solar altitude and changes in 
ratios of sunlit area which were estimated 
using Kdlh' only (solid line) and Kdho 
(broken line) . of4 leaf area indices (L) of 






















o 20 40 60 
Solar altitude， h. 
3の4段2， 1， 
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Table 5. Representative extinction coefficient values (Kdsho) for direct sunlight of stems at 3 solar altitudes (ho) and 
percentages of loss of sunlit area in estimation by using synthetic extinction coefficients (Kdho=Kdlho +a . 
Kdsho) against to that by using extinction coefficてentsleaves (Kdlho) at3 solar altitude and 4 leaf area in. 
dices (L) in several deciduous fruit trees. 
Percentages of loss of sunlit area (%) calculatedZ 
Representative ho=60 ho=300 ho=75
0 
Fruit species values of Kdsho L= L= L= L= L= L= L= L= L= L= L= L= 




0.5 I 2 3 0.5 l 2 3 0.5 1 2 3 
Appl巴
‘Fuji' (MM106) 5.45 1.49 0.90 7.0 13.7 25.3 35.4 1.9 3.9 7.6 11.4 0.9 1.8 4.2 5.8 
‘Mutsu' (MM106) 5.02 1.48 0.95 8.5 15.7 28.8 40.2 2.4 4.8 10.1 13.9 1.5 2.9 6.7 9.2 
‘Ralls' (Maruba) 5.48 1.44 0.84 9.4 17.3 31.6 43.4 2.3 4.8 9.5 13.8 1.2 2.3 4.6 6.8 
Japanese persimmon 
‘Hiratanenashi' 5.32 1.48 0.91 6.4 13.0 24.4 34.2 1.8 3.7 7.5 11.1 1.0 1.8 4.0 10.5 
Chestnut 
'Tsukuba' 5.81 1.43 0.78 5.3 10.4 19.8 28.2 1.3 2.7 5.3 7.8 0.5 1.1 2.3 3.4 
Walnut 
‘Banshun' 5.21 1.46 0.90 10.6 20.1 36.3 49.1 3.0 6.0 11.9 17.1 1.6 3.3 6.6 9.8 
Peach 
‘Okubo' 5 .47 1. 45 O. 85 9.2 17.4 31.2 43.0 2.4 4.5 9.5 13.8 1.1 2.3 4.3 6.8 
Cherry 
‘Satonishiki' 5.66 1.40 0.77 10.5 19.9 35.9 48.6 2.7 5.4 10.4 15.2 1.1 2.2 4.6 6.8 
J apanese pear 
‘Shinsui' 5.78 1.43 0.79 11.3 21.5 38.2 51.5 3.0 6.0 11.2 16.5 1.3 2.6 5.3 7.5 
P巴ar
‘Bartlett' 5.90 1.44 0.78 23.8 42.2 66.5 80.5 6.4 12.6 23.4 33.2 2.8 5.6 10.6 15.5 
Grape 
‘Delaware' 4.69 1.51 1.04 9.4 17.8 32.5 44.6 3.0 6.2 11.9 17.3 1.8 3.9 7.4 10.6 


































































































































Leaf area index， L 
Fig. 16. Relations between the extinction coeffi-
cients of downward-reflect and transmit 
radiation (KSh，.L)， altitudes of parallel 
beams (h，) and leaf area indices (L) of cv. 
'Hiratanenashi' of ]apanese persimmon. 
.。
6 4 2 
O 
O 
o 2 4 6 
Leaf area index， L 
Fig. 15. Relations between rates of downward-
reflect transmit radiatio日 (s加)， altitudes 
of the parallel beams (h，) and leaf area 
indices (L) of CV. 'Hiratar悶 lashi' of 
]apanese persimmon 
得られたKds"値(ただし，添字h。は各区画中心の仰角)





































173 落葉果樹の樹冠内放射の滅衰係数とその推定パラメ ータ一一山本 ・上回 ・小泉 ・西沢





































































Leaf area index， L 
Fig. 17. KS'，.L -L curves estimated by the multiple 
regression formulas at 8 altitudes (h，・100
interval) of the parallel beams of cv. 
'Hiratanenashi' of]apanese persimmon 
~:.~ ニニニニ1--
6 
Leaf area index， L 
Fig. 18. KS'，.L - L curves estimated by multiple re. 
gression formulas at 2 altitudes (h.) . 70。
(upper) and 200 (lower) . of the several 





































Table 6. Results of multiple regression of Ks/w， L using of several powers of beam altitude (hQ) and leaf area index (L) 
along the beam as the variables and representaive values of Ks!附 Lof several deciduous fruit trees 
Fruit species 
Cultivars 
Formulas of multiple regression using 
powers of ho and L 
RZ F Estimated KshQ， Lv 









Ks =0. 0412hQ +0. 2542L + 2. 356L -1_ 2.546 
Ks=O .0002733ho 
2 +0 . 1708L + 1. 989L← 1-1.302 
Ks=O .0003385ho 2+0 .1687L+2. 504L一1-1.501
Ks=O .0004067ho 2+0. 3534L+2. 572L -1-2.246 
Ks =0. 0003853h/ + O. 4730L + 3. 070L -1_ 2.667 
Ks=O. 03977ho + 2 .479L一1ー1.836
Ks=O. 0003799ho 2+0 . 1583L+ 1. 297L一1-1.029
Japanese persimmon 































Ks=0.0002289hQ2+0. 2914L+4.020L -1-2.313 
Ks=0.000002564hQ3+0. 3419L +3.477L -1-2.359 
0.9260 50.14 2.9 
D.9264 68.60 2.2 
0.9297 72.25 2.8 
0.9413 88.12 2.7 
0.9095 52.67 2.8 
0.9064 75.97 3.4 
0.9524 107.59 2.3 



























Ks=0.0001871hQ2+O.1316L+2 . 195L -1-1. 015 0.9351 76.62 
Ks = O. 000002021hQ 3 + O. 2640L + 3. 672L一1-1.993 0.9190 65.27 
Ks = O. 000002463hQ 3 + O. 0004458hQ 2 + 0.954 7L -1ー 0.0859 0.9544 109.27 
Ks=0.000002898hQ3+O.2261L+2.407L -1ー 1.454
Ks=0.01091hQ +0. 06166L + 1. 346L一1-0.6813
Ks=0.000001737h/+0. 9197L -1-0 .006004 
Ks=O. 00001979h/-0. 001114h/ + 1. 623L -1 +0.3446 
Ks=0.02372ho+ 1. 7l66L-1ー 0.9354
Ks=0.0002809ho
2+O.1920L+ 1. 975L -1-1.442 
Ks=O. 000002365ho
3+ 1. 210L -1ー 0.4102
Ks=0.000002423ho3+O.2844L+2.574L -1ー 1.680
Ks=0.000001944hQ3+O.1846L + 1. 889L-1ー 1.120
Ks=0.0002484h/+0.6202L -1ー 0.1954
Ks=0.03596hQ+0.8475L -1-1.194 
Ks=0.02022hQ +0.5330L -1-0.5574 
Ks=0.0004240h/-0. 0264ho +0. 2019L -1 +0. 5333 
Ks=0.00000198ho
3+O.2247L+3.349L -1-1.875 







































0.9766 186.04 3.3 
0.8559 39.75 2.4 
0.9328 73.70 2.1 
0.9161 94.04 1.6 
0.9353 76.85 2.0 
0.9563 128.39 1.6 
0.9450 154.46 1.6 
0.9269 112.87 2.2 
0.9016 80.43 1.4 
0.9721 201.00 1.0 
0.9323 79.81 2.4 
0.9476105.71 2.1 
z Coefficient of correlation of multiple regression， Y F test : Significant at 0.1 % level in al cuiltivars， x・StarkingDeli. 



















1 %， shade leafで約 3-4%であった.これらの数値
はいうまでもなく，葉面に光を垂直に当てて測定したも
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